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Background: We aimed to evaluate the biomechanical stiffness and strength of different internal fixa- 

tion configurations and find suitable treatment strategies for low transcondylar fractures of the distal 

humerus. 

Methods and materials: Thirty 4 th generation composite humeri were used to create low transcondy- 

lar fracture models that were fixed by orthogonal and parallel double plates as well as posterolateral 

plate and medial screw (PPMS) configurations (n = 10 in each group) using an anatomical locking com- 

pression plate-screw system and fully threaded medial cortical screws. Posterior bending (maximum 50 

N), axial loading (maximum 200 N) and internal rotation (maximum 10 N ·m) were tested, in that order, 

for each specimen. Stiffness under different biomechanical settings among different configurations were 

compared. Another 18 sets of fracture models were created using these three configurations (n = 6 in each 

group) and the load to failure under axial loading among different configurations was compared. 

Results: Under posterior bending, the stiffness of parallel group was higher than orthogonal group 

(P < 0.001), and orthogonal group was higher than PPMS group (P < 0.001). Under axial loading, the stiff- 

ness of parallel group was higher than orthogonal group (P = 0.001) and PPMS group (P < 0.001); however, 

the difference between orthogonal and PPMS group was not statistically significant (P > 0.05). Under inter- 

nal rotation, the stiffness of parallel group was higher than orthogonal group (P = 0.044), and orthogonal 

group was higher than PPMS group (P = 0.029). In failure test under axial loading, the load to failure in 

the orthogonal group was lower than parallel group (P = 0.009) and PPMS group (P = 0.021), but the differ- 

ence between parallel group and PPMS group was not statistically significant (P > 0.05). All specimens in 

orthogonal group demonstrated “distal medial failure”; most specimens had “distal medial and trochlear 

failure” in the parallel group; most specimens exhibited “contact failure” in the PPMS group. 

Conclusion: For treating low transcondylar fractures, the overall stiffness and strength of the parallel 

configuration were superior to those of the orthogonal and PPMS configurations. Nevertheless, the PPMS 

configuration can provide adequate stability and stiffness comparable to double-plate configurations un- 

der axial loading. Therefore, the PPMS construct may have certain clinical value. 

© 2022 Published by Elsevier Ltd. 
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Distal humerus fractures are relatively rare in adults, with an 

ncidence of 5.7 per 10 0,0 0 0 persons per year, accounting for ap-

roximately 2% of all fractures [ 1 , 2 ]. Low transcondylar fractures, 

s a special subtype, are even more uncommon, representing ap- 

roximately 9% of all distal humerus fractures [ 3 , 4 ]. These partic-

lar injuries are characterized as simple transverse fracture lines 
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hat extend from the lateral epicondyle through the olecranon 

nd coronoid fossa and to or just above the level of the me- 

ial epicondyle. Pertinently, these injuries are classified as extra- 

rticular intracapsular fractures [5] . While open reduction and in- 

ernal fixation (ORIF) is the preferred treatment, implant failure 

nd nonunion are the main concerns. It may be difficult to main- 

ain the stability of the distal fragment with ORIF due to the small 

ragment size, which makes it less likely that screws with sufficient 

umber and length to provide adequate support can be placed, es- 

ecially in the presence of poor bone quality [6–8] . Therefore, the 

tiffness and strength of internal fixations are determinant factors 

n choosing different configurations [5] . 
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Fig. 1. Low transcondylar fracture models (incomplete osteotomy). (a) Dorsal side. 

(b) Ventral side. 
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Parallel and orthogonal double-plate configurations are most 

ommonly and widely applied in clinical practice for the treatment 

f distal humerus fractures [ 1 , 2 , 9-13 ]. Many previous studies have

ompared the biomechanical properties between these two con- 

gurations under different loading methods; however, these ex- 

eriments were often carried out using either intercondylar frac- 

ure models or supracondylar fracture models with a relatively 

igh osteotomy plane. Therefore, these models did not meet the 

efinition of low transcondylar fractures [14–17] . In addition, for 

ow transcondylar fractures, which have relatively simple morpho- 

ogical features but high risk of nonunion or delayed union, and 

ouble-plate configuration may cause more irritation problem in 

atients with thin soft tissue coverage especially in the medial 

ide, it is particularly important to seek more minimally inva- 

ive fixation methods with sufficient stability, such as the postero- 

ateral plate and medial screw (PPMS) configuration. Shimamura 

t al. [18] evaluated its biomechanical properties but reported very 

oor stability and strength in treating low transcondylar fractures, 

hich was very likely due to the use of conventional reconstruc- 

ion plates and semithreaded cannulated cancellous screws in their 

tudy. 

Therefore, this study was designed to evaluate and com- 

are the biomechanical properties between parallel and orthog- 

nal double-plate configurations as well as of PPMS configura- 

ions using anatomical locking compression plate-screw system 

nd fully threaded medial cortical screws for the stabilization of 

ow transcondylar fractures of the distal humerus. 
ig. 2. Typical examples of three internal fixation configurations. (a) Orthogonal doubl

onfiguration. 

363
aterials and method 

racture model 

We used 4 th generation composite humeri (Large, Left, item 

3404, Sawbones; Pacific Research Laboratories Inc, Vashon, WA, 

SA), which is widely accepted as an adequate substitute material 

o simulate human bone, for mechanical testing [ 19 , 20 ]. To sim-

late low transcondylar fractures, a 5 mm wide incomplete os- 

eotomy gap was created using a reciprocating saw in a transverse 

lane vertical to the axis of humeral shaft, with the lower mar- 

in of the gap starting at the widest distance between the lateral 

nd medial epicondyles without comprising the articular surface 

 Fig. 1 ). The osteotomy gap, which was located at the lower mid- 

le part of the olecranon fossa, was designed to simulate meta- 

hyseal comminution and most importantly to facilitate measure- 

ents of distal fragment displacement during biomechanical test- 

ng. The fragment within the gap was removed using an oscillating 

aw after internal fixation to ensure the accuracy and uniformity 

f the gap created in each fracture model. 

mplant systems and configurations 

The prepared fracture models were then fixed by an anatom- 

cal precontoured locking compression plate-screw system and 

ully threaded cortical screws (Synthes GmbH, Switzerland). Im- 

ortantly, there were three methods of osteosynthesis in our 

xperiment ( Fig. 2 ): (A) orthogonal configuration (posterolateral 

nd medial plates), (B) parallel configuration (lateral and medial 

lates), and (C) PPMS configuration (posterolateral plate and me- 

ial screw). The posterolateral and medial locking compression 

lates (LCPs) were anatomically mounted and fixed onto the ra- 

ial column and ulnar column respectively, with three 3.5 mm 

ocking screws inserted into the proximal fragment and three 2.7 

m screws into the distal part through the plates. The lateral LCPs 

ere fixed with two 3.5 mm and one 2.7 mm locking screws in- 

erted into the proximal fragment, and only two 2.7 mm polyaxial 

ocking screws were inserted into the distal part due to its small 

olume. All the screws in the proximal fragment were bicortially 

nserted but the distal screws were carefully placed monocortically 

ith the screws as long as possible without penetrating the oppo- 

ite cortex or joint surface. The coronoid and olecranon fossa was 
e-plate. (b) Parallel double-plate. (c) Posterolateral plate + medial screw (PPMS) 
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U

ree of implant penetration in all specimens as well. For the PPMS 

onfiguration, the ulnar column was stabilized by a 3.5 mm fully 

hreaded cortical screw. All procedures were carried out by a sin- 

le senior elbow surgeon, following standard AO principles and in 

ccordance with the manufacturer‘s instructions. 

echanical testing 

There were two types of mechanical testing methods carried 

ut in our study: stiffness testing (static compression) and strength 

esting (load to failure/failure testing). All specimens were tested 

sing a universal material testing machine (INSTRON ElectroPuls tm 

10 0 0 0, Norwood, MA, USA) ( Fig. 3 ). All specimens were firmly

ounted to the corresponding fixture at the beginning of every 

echanical tests. All the load modules were designed using 3D 

rinting technique based on the contour of the composite bone. 

For stiffness testing, posterior bending, axial compression and 

nternal torsion were performed on thirty specimens (n = 10 in each 

roup) following the above sequence. According to the results of 

ur pilot study and previous literature[ 21 , 22 ], load levels were cho-

en that allowed stiffness testing without plastic deformation of 

he implants or loosening between the specimen and the fixture. 

or stiffness testing under posterior bending ( Fig. 4 ), each speci- 

en was horizontally mounted to a custom-designed fixture with 

he dorsal side upward and clamped through a 3D-printed cylin- 

rical sleeve (Polylactic acid, PLA) that fits the contour of the com- 

osite bone in the mid-shaft portion. Then, a maximum load of 
ig. 3. Universal material testing machine (INSTRON ElectroPulstm E10 0 0 0, Nor- 

ood, MA, USA). 
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364 
0 N was applied in the direction perpendicular to the humeral 

haft and the horizontal plane at a rate of 0.3 mm/min. For stiff- 

ess testing under axial compression ( Fig. 5 ), each specimen was 

ertically placed on the fixture and the proximal humerus was 

igidly held by four clamping bolts on each side. The distal frag- 

ent was closely fit using a metallic 3D-printed load module, 

hose upper surface was perpendicular to the longitudinal axis of 

he humeral shaft. Then, a maximum load of 200 N was applied 

long the longitudinal axis at a rate of 0.5mm/min. For stiffness 

esting under internal torsion ( Fig. 5 ), the same fixture and clamp- 

ng method employed in the axial loading tests were used, and a 

aximum torque of 10 N ·m was applied to the distal fragment in 

 counterclockwise direction at a rate of 3 °/min. 

For strength testing, another 18 specimens (n = 6 in each group) 

ere created following the above procedures and each specimen 

as loaded to failure under axial compression forces using the 

ame fixture as above at a rate of 1 mm/min. Failure of the con- 

truct was defined as implant (plates or screws) breakage, frac- 

ure of the composite bone, cutoff or pull-out of screws, observable 

oosening of the bone-implant interface, or the distal fragment in 

ontact with the proximal part of the composite humeri (5 mm 

ap closed). 

ata analysis 

OriginPro 2019b (OriginLab Corporation, Northampton, MA, 

SA) was used to evaluate the data. The stiffness of the construct 

as calculated by the slope of the load–displacement curve (pos- 

erior bending and axial compression tests) or the torque-degree 

urve (internal torsion tests) after linear fitting. The goodness of 

inear fitting (R 

2 ) of each curve was also calculated. The strength 

f each construct was recorded as the ultimate load when the de- 

ned failure occurred. The type of failure in each specimen was 

ecorded as well. 

SPSS 24.0 (IBM Corp, Armonk, NY, USA) was used for statisti- 

al analysis. The quantitative data conforming to a normal distri- 

ution were recorded as the mean ± standard deviation ( χ ± s ) , 

nd comparisons between groups were illustrated by histograms. 

f the homogeneity of variance was confirmed, one-way analysis 

f variance (ANOVA) was used to determine the difference be- 

ween groups; if homogeneity of variance was not established, 

elch ANOVA was used for the comparison and the significance 

evel was adjusted by the Games-Howell method. The quantitative 

ata without a normal distribution were recorded as the median 

25 th percentile, 75 th percentile) [M (P25, P75)]. The comparison 

etween groups was illustrated by box plots and analyzed using 

he Kruskal-Wallis H test. The Bonferroni method was used for post 

oc comparison. Categorical data were recorded as numbers (per- 

entages) and compared using the Pearson chi-square test, conti- 

uity correction or Fisher’s exact test. A P value less than 0.05 was 

onsidered significant. 

esults 

For stiffness testing under posterior bending, the difference in 

ean stiffness values among the three fixation configurations was 

tatistically significant ( P < 0.001) (minimal linear R 

2 > 0.983). After 

ost hoc comparison, the stiffness under posterior bending for the 

arallel configuration (131.81 ±9.55 N/mm) was significantly higher 

han that of the orthogonal configuration (85.70 ±7.30 N/mm) (ad- 

usted P < 0.001), and the orthogonal configuration was significantly 

tiffer than that of the PPMS configuration (53.85 ±11.10 N/mm) 

adjusted P < 0.001) ( Fig. 6 ). 

Under axial loading, the difference in mean stiffness values 

mong the three groups was also statistically significant ( P < 0.001) 

minimal linear R 

2 > 0.988). Post hoc comparison showed that the 
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Fig. 4. (a) Posterior bending: the specimen was horizontally mounted to a custom-designed fixture (B) and clamped through a 3D-printed cylindrical sleeve (C) (Polylactic 

acid, PLA). A maximum load of 50 N was applied through a 3D-printed module (A) at a rate of 0.3 mm/min. (b) and (c): Partial enlarged view; the blue arrow is the direction 

of loading. 
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tiffness under axial compression for the parallel configuration 

286.41 (278.92, 306.82) N/mm] was significantly higher than that 

f the orthogonal configuration [221.80 (199.66, 227.15) N/mm] 

adjusted P = 0.001) and PPMS configuration [212.38 (190.54, 

25.16) N/mm] (adjusted P < 0.001), respectively. However, a sta- 

istical difference was not detected between the orthogonal and 

PMS configurations (adjusted P = 1.0 0 0) ( Fig. 6 ). 

Under internal rotation, significant difference was revealed be- 

ween the three types of implant configuration for the mean stiff- 

ess values ( P < 0.001) (minimal linear R 

2 > 0.996). After post hoc

omparison, we found that the stiffness under internal rotation for 

he parallel configuration [1.65 (1.60, 1.73) N ·m/Deg] was signifi- 

antly higher than that of the orthogonal configuration [1.44 (1.42, 

.51) N ·m/Deg] (adjusted P = 0.044), and the orthogonal configura- 

ion was significantly stiffer than that of the PPMS configuration 

0.86 (0.79, 0.92) N ·m/Deg] (adjusted P = 0.029) ( Fig. 6 ). 

For the failure test under axial loading, there was a statistically 

ignificant difference in the mean load to failure among the three 

roups ( P < 0.001). After post hoc comparison, we found that the 

oad to failure in the orthogonal group [839.44 (650.64, 922.62) N] 

as significantly lower than that of in the parallel group [1400.02 

1221.49, 1467.00) N] (adjusted P = 0.009) and PPMS group [1360.99 

1346.57, 1399.37) N] (adjusted P = 0.021), respectively. However, 

he difference between the parallel group and the PPMS group was 

ot statistically significant (adjusted P = 1.0 0 0) ( Fig. 6 ). 
365 
Then, the types of construct failure were evaluated. All speci- 

ens had plastic deformation. Fourteen out of 18 specimens failed 

ith screws cutting out as well as having a steep decline in the 

oad–displacement curves. Four out of 18 specimens failed with 

istal fragments in contact with the proximal part of the compos- 

te humeri (“contact failure”). No specimen had breakage of the 

lates or screws. After further evaluating the types of screw cut- 

uts, three types were included ( Fig. 7 ). First, “distal medial fail- 

re”, which means fractures and screws cut out in the area cov- 

red by the distal portion of the medial plate. The second is “distal 

edial and trochlear failure”, which means “distal medial failure”

ombined with fractures in the trochlear area. The third is “capitel- 

ar failure”, which means capitellar fractures and screw cut-out in 

he distal part of the posterolateral plates. 

In our study, all specimens in the orthogonal group demon- 

trated “distal medial failure”, 2 specimens had “distal medial fail- 

re” and 4 specimens had “distal medial and trochlear failure” in 

he parallel group, and 4 specimens exhibited “contact failure” and 

 specimens had “capitellar failure” in the PPMS group. 

iscussion 

Usually, parallel and orthogonal double-plate configurations 

re the mainstream of surgical treatment options for distal 

umerus fractures. In our current study, the parallel configuration 
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Fig. 5. Axial compression loading and internal torsion: the specimen was vertically 

placed on the fixture and the proximal humerus was rigidly held by four clamping 

bolts on each side. The distal fragment was closely fit using a metallic 3D-printed 

load module. For axial loading, a maximum load of 200 N was applied along the 

longitudinal axis (blue arrow) at a rate of 0.5 mm/min. For internal torsion, a max- 

imum torque of 10 N ·m was applied in a counterclockwise direction (red arrow) at 

a rate of 3 °/min. 

d

b

a

s

l

l

a

O

a

l

C

t

a

t

t

t

s

t

t

d

i

a

z

a

d

s

a

b

1

a

n

i

r

e

n

l

p

s

m

p

t

s

m

f

r

d

a

u

f

b

t

d

fi

f

t

t

t

p

t

s

r

h

s

t

t

e

c

s

o

a

H

c

e

O

l

i

a

w

w

t

s

f

r

p

p

f

t

emonstrated higher stiffness under axial compression, posterior 

ending and internal rotation as well as a higher ultimate load in 

xial loading to failure compared to the orthogonal configuration. 

To the best of our knowledge, there have been no previous 

tudies investigating parallel or orthogonal configurations using 

ow transcondylar fracture models; however, the studies listed be- 

ow adopted the same transverse fracture plane as in our research 

nd their conclusions may still have reference value to our study. 

f note, Varady et al. [20] reported significantly higher stiffness 

nd resistance to failure in the parallel configuration under axial 

oading compared to the orthogonal double-plate for an AO type 

2.3 fracture model, whose transverse osteotomy level was iden- 

ical to that in our study. In addition, the use of the polyaxial 

natomical plating system was found to provide better stability 

han monoaxial system for parallel construct, which may explain 

he superiority of the parallel configuration in our biomechanical 

ests. Using the same fracture models, Kudo et al. [23] also found 

ignificantly higher stiffness in the parallel configuration compared 

o the orthogonal construct when solely applying axial loading to 

he radial column of the distal humerus. However, no significant 

ifference was detected during ulnar column axial loading, indicat- 

ng that the parallel construct mainly provides additional support 

nd protection to the lateral column of the distal humerus. Pen- 

kofer et al. [19] created the same fracture models using 4 th gener- 

tion composite bone and demonstrated that the stiffness and me- 

ian fatigue limit in the parallel double-plate configuration were 
366 
ignificantly better than those of the orthogonal constructs under 

xial loading in 5-degree extension. Overall, the above results were 

asically consistent with our findings. 

A meta analysis conducted by Shih et al. [24] in 2018 included 

7 articles comparing biomechanical properties between parallel 

nd orthogonal double-plate constructs, and found that the stiff- 

ess of the parallel configuration under axial and torsional load- 

ng was significantly superior to that of the orthogonal configu- 

ation, especially for supracondylar fractures. However, no differ- 

nces were found under posterior/anterior bending (sagittal stiff- 

ess), which is inconsistent with our research. This outcome was 

ikely due to the relatively higher level of the transverse osteotomy 

lane compared to our study when creating fracture models in 

ome previous experiments. Thus, the volume of the distal frag- 

ent is usually large enough to allow sufficient screws for both 

arallel and orthogonal configurations. However, this is often not 

he case for low transcondylar fractures. This may explain why the 

tiffness of the parallel configuration under posterior bending was 

ore superior in our study. 

Further evaluating the type of construct failure, “medial distal 

ailure” occurred in all specimens for the orthogonal group, which 

eflected the concentration of stress in this area. However, “medial 

istal and trochlear failure” was more likely to happen when par- 

llel constructs were used in our experiment, and the load to fail- 

re was much higher than orthogonal constructs. We believe that 

or the parallel configuration, the arch-like structure [25] formed 

y the interlocking of several long transverse screws within the 

rochlear area can effectively disperse the localized stress in the 

istal portion of the medial plate and screws. In addition, this con- 

guration increases the overall construct strength, especially for 

ractures with relatively small distal fragments. In this way, for 

he parallel configuration, when much higher forces (compared to 

hose noted in the orthogonal construct) finally break the “arch”, 

he trochlear portion are the first to be affected, and the distal 

ortion of the medial plate and screws fail subsequently due to 

he loss of stress protection by the “arch”. This may explain the 

uperiority of the parallel double-plate construct to some extent. 

However, low transcondylar fractures of the distal humerus are 

elatively simple in morphology but more prone to developing 

ealing-related complications [5] . Therefore, some minimally inva- 

ive surgical strategies have been explored. Reising et al. [26] in- 

roduced a novel technique using a distal radial nailing system in 

he lateral column and a 1.8 mm K-wire in the medial side. How- 

ver, the lack of a control group made the findings less valuable for 

linical reference. Do ̆gramaci et al. [27] introduced the double ten- 

ion band technique using crossed K-wires from each side to the 

pposite column of the distal humerus, and tension wires were 

pplied to tauten both medial and lateral column compression. 

owever, the author reported significantly poorer stability of this 

onstruct than orthogonal double-plate osteosynthesis. Shimamura 

t al. [18] tested the biomechanical properties of a posterolateral 

NI plate plus medial screw, a novel implant for low transcondy- 

ar fractures, and found it comparable to orthogonal double plat- 

ng. In addition, Imatani et al. [6] proposed the application of 

 customized AO small T plate in the lateral column combined 

ith a medial lag screw and reported good functional recovery 

ithout nonunion or delayed union. To some extent, the current 

rend favors the combination of lateral plates together with medial 

crews. 

Our study used posterolateral LCPs in the lateral column with 

ully threaded cortical screws in the medial column (PPMS configu- 

ation). Despite the relatively lower stiffness of this construct com- 

ared to orthogonal and parallel double-plate configurations under 

osterior bending and internal torsion, the PPMS configuration was 

ound to have comparable stiffness with the orthogonal configura- 

ion under axial loading; moreover, it had a similar ultimate load 
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Fig. 6. Comparison of construct stiffness and load to failure among three configurations. (a) Posterior bending test. (b) Axial compression loading test. (c) Internal torsion 

test. (d) Ultimate load to construct failure under axial compression loading. Statistical difference denoted by ∗ for P < 0.05, ∗∗ for P < 0.01 and ∗∗∗ for P < 0.001. 
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n axial loading to failure relative to the parallel construct. In addi- 

ion, most specimens in the PPMS group (4/6, 67%) failed when the 

istal fragment was in contact with the proximal part rather than 

oosening or breakage of plates and screws, indicating the relative 

dvantages of the overall strength of the construct under axial fail- 

re loading. However, as far as we know, there is limited previous 

iterature addressing its biomechanical properties. 

Shimamura et al. [18] compared the strength of orthogonal and 

PMS configurations for low transcondylar fracture models using 

adaveric humeri. Under posterior bending, although without a sig- 

ificant difference, the orthogonal construct exhibited a higher fail- 

re load than the PPMS configuration (51.0 ±14.8 N vs 19.3 ±6.0 N). 

evertheless, under axial loading, the PPMS configuration was sig- 

ificantly weaker as well, which was inconsistent with our exper- 

ment. This outcome was likely due to the application of conven- 

ional reconstruction plates, which have a limited number of dis- 

al screws and less strength than locking compression plates. In 

ddition, this outcome was likely influenced by the use of half- 

hreaded cannulated screws in the medial column, which mainly 

rovide sliding compressive forces at the fracture site instead of 

igidly supporting the whole construct compared to fully threaded 

ortical screws. Therefore, the author might have underestimated 

he biomechanical properties of the PPMS construct. In another ex- 
367 
eriment conducted by Hungerer et al. [28] , although not statisti- 

ally significant, the researchers detected increased construct stiff- 

ess and median failure load under axial loading after inserting an 

dditional interfragmentary long gap bridging screw, which is sim- 

lar to the medial screw in our PPMS construct, through the most 

istal hole of the medial locking compression plate on the stabi- 

ization of parallel double-plate configuration. This observation in- 

irectly demonstrated the effectiveness and feasibility of the me- 

ial column screw of the PPMS construct to some extent. 

Our research provides a feasible surgical technique, the 

PMS configuration, for low transcondylar fractures of the dis- 

al humerus. This construct is not only able to ensure relatively 

ood mechanical stability but is also minimally invasive. Hence, 

t prevents the medial column periosteum from being extensively 

tripped and possibly reduces the risk of postoperative nonunion 

r delayed union to some extent. In addition, this configuration 

ay alleviate irritation to surrounding soft tissue on the medial 

ide due to implant and is cheaper than the double-plate config- 

rations. Hence, this configuration may have certain clinical appli- 

ation value for low transcondylar fractures. It is worth noting that 

he medial fully threaded column screw can provide adequate sta- 

ility especially for patients with sufficient bone stock in the me- 

ial epicondylar region. 
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Fig. 7. Examples of construct failure when screw cutting-out and fractures occur. Three types are included: (a) (b) “distal medial failure”; (c) (d) “distal medial and trochlear 

failure”; (e) (f) “capitellar failure”. 
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As with any study, there are certain limitations. First, artificial 

ones were used instead of cadaveric humeri, so we cannot closely 

imulate the biomechanical properties of live bones and soft tis- 

ue constraints by surrounding tendons and ligaments. However, 

he application of artificial bones ensures the uniformity of each 

pecimen and thus focuses on the implant systems themselves and 

heir mechanical performance. Second, three different loading pro- 

ocols were successively performed on each specimen for stiffness 

esting, which may adversely affect the accuracy of the testing re- 

ults. However, all specimens were tested in the same exact order 

ithout any plastic deformation thus reducing experimental errors 

o the greatest extent possible. Third, our current study did not 

nvolve stiffness or failure tests under cyclic loading, which can 

e used to further evaluate and compare the biomechanical prop- 

rties of different configurations against structural fatigue. Finally, 

t is still unknown whether the differences found in stiffness and 

trength among the three configurations have clinical relevance, 

specially for the PPMS construct. Therefore, further clinical trials 

re required to validate the clinical outcomes of these configura- 

ions. 

onclusion 

In the treatment of low transcondylar fractures of the distal 

umerus, the overall stiffness and strength of the parallel config- 

ration were superior to those of orthogonal double plates as well 
368 
s PPMS configurations with regard to the stiffness under poste- 

ior bending, axial loading, internal torsion and the load to failure 

nder axial compression forces. Nevertheless, the PPMS configu- 

ation can provide adequate stability and stiffness comparable to 

he orthogonal configuration and the strength to resist construct 

ailure equivalent to the parallel configuration under axial com- 

ression loading. With the advantages of being minimally invasive, 

ausing fewer irritation problems, and being less expensive, the 

PMS construct may have certain clinical value for the treatment 

f transcondylar fractures. 
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